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FAILURE MOIDES EFFELCTS .ﬂHﬁL‘TEIS (FMEA) —- CRITICAL HARGWARE ATTACHPENT -
MWUMBER: 06-1C-0l1l6-X PACE 184 3F

SUBSYSTEM NAME: ARS - ARPCS
REVISION : § 02/05/91

PART NAME PART HUMBER

VENDOR NAME YENDOR NUMBER
LRU : OXYBEN RESTRICTOR v070-614100

& SRU 01 RESTRICTOR, FLOW, 02 ME251-0011-0006

. THE LEE COMPANY vOCX05 1400084
m SRU 02 RESTRICTOR, FLOW, 02 MEZ2E]1.0011-0007

I a THE LEE COCMPaNY YOCX0S513950BA

PART DATA

® EXTENDED DESCRIPTION OF PART UWDER ANALYSIS:
| OXYGEN RESTRICTOR

w QUANTITY OF LIKE ITEMS: 3
TWO 12 LB/HR RESTRICTORS IM 5Y5 2
ONE 23.9 LB/HR RESTRICTOR IW SYS 1

w FUMCTION: ’
FROVIDES HEAT TO AND RESTRICTS THE OXYGEN FROW THE PRSD CRYOGENIC TANKS
PRIOR TO THE GAS BEING SENT INTO CABIN FOR CREW USAGE. ONE 23.9 LB/HR
RESTRICTOR IN SYSTEM 1 AND TwQ L2 LB/HR RESTRICTORS IN SYSTEM 2 LIMIT
OXYGEN FLOW TD 24 LB/HR PER SYSTEM. (SEE FMEA 08-3C-0250 FOR F.lILLIP.E
EFFECTS ON THE FEH COOLANT LOGR) .
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FAILURE MDOES EFFECTS AMALYSIS (FMEA) -- CRITICAL FAILURE MCDE sosozecy
_ NUMBER: 06-1C-0116-03 ATTAC N
. PAGE 181 . 288
REVISION? 2 07/18/90
SUBSYSTEM: ARS - ARPCS
LRU :0XYGEN RESTRICTGR CRITICALITY OF THIS
ITEN MAME: RESTRICTOR, FLOW, 02 FALLURE MODE:1/}
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FAILURE MODE:
EXTERMAL LEAKAGE
ALY 02 TANK NOT INSTALLED

MISSTON PHASE:

PL FRELAUNCH
LD LIFT=0FF
1] ON=ORBIT
09 DE-ORBIT
LS LANDING SAFING

YEHICLE/PAYLOAD/KIT EFFECTIVITY: 102 COLLMRIA
103 DLSCOVERY
104 ATLANTIS
105  ENDEAVOUR

Ak 4m mp

CAUSE:
MECHANICAL SHOCK, VISRATIDON, CORROSION, IMABILITY TD HEAT {FREON LDOF

STOFS)
. CRITICALITY 171 DURING IMTACT AHORT DMLY? NO

REDUNDANCY SCREEN A) N/A
B} N/A
C} N/A

:;SS!F!IL RATIONALE :

B)
€
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- FAILLRE EFFECTS -

N ke . . g e e v~ . T T T —— - W I e ke A

(A) SUBSYSTEM:
LUNABLE TO SUPPLY OXYGEN TO CABIN THAQUGH THIS CRYD SYSTEM.
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{B) INTERFACING SUBSYSTEM(S):
LOSS OF GNE 02 SOURCE TO AIRLOCK AND LES.

(C) MISSION:
POSSIBLE EARLY MISSION TERMINATION AS ONLY (ONE OXYGEN SOURCE REMAINS
FOR CABIN, AIRLOCK AND LES REQUIREMENTS.

(D) CREW, VEHICLE, AND ELEMENT{S):
LOSS OF ONE 02 SUPPLY SYSTEM RESULTS IN INSUFFICIERT OXYGEW FLOW TO LES
SYSTEM. LOSS OF THIS EMERGENCY 5YSTEM MAY RESULT IN LOSS OF CREM/

YEH]CLE.

(E) FUNCTIONAL CRETICALITY EFFECTS:
NONE
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(4) DESIGN:
THE BODY ASSEMBLY IS MADE OF 303 CRES STAINLESS STEEL WHICH IS HIGHLY
RESISTANT TQ CORROSION IN AM DXYGEN ATMOSPHERE. THME RESTRICTOR IS
CALLED A VISCO JET WHICH CONTAINS UNIQUELY OESIGNED PLATES WITHIN THE
RESTRICTOR WHICH UTILIZE MULTIPLE ORENINGS IN LIEU OF THE USUAL SINGLE
PASSAGE. THIS MAKES THE UNIT LESS SUSCEPTIBLE TO EROSION AND MORE
RELIABLE. ALSO, THE FLOW PATTERN WITHIN THE PLATES IS UNTQUELY
DESIGNED TO ALLOW LARGER OPENINGS THAN WOULD BE REQUIRED WITH & SINGLE
DRIFICE. TME UNIT IS THUS MUCH LESS PRONE TD CONTAMINATION.
THE 02 LINE IN THE RESTRICTOR ASSEMBLY [S MADE OF CRES 21-8-9 STAINLESS
STEEL. THE TOTAL LENGTH OF THE 02 LINE IN THE ASSEMBLY IS 98 INCHES
WiTH & DIAMETER OF 1/8 INCH, THE RESTRICTOR SEAL MATERIAL I5 VITOM
RUBHER ELASTOMER.
ANALYSIS SHOWS THAT THE TEMPERATURE OF TME 02 REACKING THE LES WILL RE
APPROXIMATELY 50 F [F THE RESTRICTOR FAILS TO MEAT. TWEREFORE, THE
FAILURE EFFECTS ARE BASED NOT ON THERMAL EFFECTS ON THE CREW, BUT O%
CLOSURE OF ONE 02 SYSTEM NECESSITATED BY EXTERNAL LEAKAGE AT THE
RESTRICTOR SEAL (CAUSED BY CRYOGENIL OXYGEN). A
Racrwete 76 Lfrr

{B) TEST: ES7ATT s
. “PEN LB/HR RESTRICTOR - 9.65 +/- 0.45

(B/HR GN2 F WITH AN INLET PRESSURE OF B0Q PSIG. THENTY

LB/HR RESTRICTOR — 19.11 +/- .93 LB/HR GN2 AT 75 +/-5 F WITH AN INLET

PRESSURE OF 800 PSIG. PROOF PRESSURE ON OXYGEN SIDE - 1§75 +50/-0 PSIG 5

FOR A DURATION OF 5 MINUTES. LEAK TEST OM OXYGEN SIDE - 1050 +20/-0

SIG. MAX LEAKAGE OF 1 X 10 EXP -4 SCCS GHE ACTUAL. S

QUALIFICATION TEST - BURST PRESSURE - OXYGEN TUBE: 2580 +/- 100 PSIG AT
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& RATE NOT TQ EXCEED 300 PST PER MINUTE FOR A TOTAL DURATION OF 35

MINUTES. DESIGN SHOCK - 206 TERMINAL SAWTDOTH SHOCK PULSE OF 11

HILLISECOMEGS DURATION IN EACH GF THREE ORTHOGOMAL AXES.

BENCH HAMDLING SHOCK - THE SPECIMEN WAS RA[SED 4" ABOVE A HARDWOOD

TABLE AND ALLOWED TQ OROP. NO WISIBLE IND[CATION OF DAMAGE TQ THE

SPECIMEN RESULTED FROM THE SHGCK TEST.

VIBRATION TESTING - RANODOM YIBRATION FOR B4 MINUTES PER AXIS IMCREASING

AT & DB/OCTAYE FROM 20 TO BO #Z, CONSTANT AT 0.3 G*+2/HI FROM 80 TO 200

HZ, DECREASING AT & DB/OCTAYE FROM 300 TO 2000 HI. TRANSTENT YIBRATION

-THE OVERALL EFFECT 0OF TRANSIENT EYEWTS ARE ACCOUNTED FQR BY & SWEPT

SINUSOIDAL YIBRATION LNVTRONMENT IMPOSED IN THE FREQUENCY RANGE FROM 5

TO 315 HZ AT AN ACCELERATION AMPLITUDE OF PLUS OR MINUS .25 G PERK,

LIFE CYCLE TESTING - THERE ARE MO MOYING PARTS ASSUCIATED WITH THE

OXYGEN RESTRICTOR: WEAR, THEREFORE, DOES NOT BECOME A CONSIDERATION M

THE LIFE CERTIFICATION PROCESS.

IN-VEHICLE TESTING - LINES ARE OVERPRESSURE {1070-1255 PSIG) AMD LEAK
(925 - 950 PSIG, 1 X 10 EXP -7 GRE MAX) TESTED, WITH COMPONENTS
IXSTALLED.

OMRSD - SYSTEM LEAK TEST IS PERFORMED BEFORE THE FIRST REFLIGHT OF EACH
ORBITER AND AT I[NTER¥ALS OF FIVE FLIGHTS, AT 500 - 950 PSIG, 70 SCOM p
MAX LEAKAGE. INFLIGHT CHECKOUT DURING EACH MISSION WILL VERIFY NO GROSS .
EXTERNAL LEAKAGE.

(C) INSPECTION:
RECEIVING INSPECTION
RAW MATER[AL VERIFIED BY INSPECTION FOR MATERIAL AND PROCESS
CERTIFICATION.

CONTAMINATION CONTROL

CLEANLINESS LEVEL 200A PER MAD110-301 AND 100 ML RINSE TESTS VERIFIED
BY [NSPECTION. PARTS CORROSTION PROTECTION APPLICATION VERIFIED BY
INSPECTICH.

ASSEMBLY /INSTALLATICN

FABRICATION OF PARTS/COMPONENTS PER DRAWING YERIFIED B8Y [NSPECTION,
DIMENSIONAL INSPECTIONS ARE PERFORMED AND VERIFITD 8Y INSPECTIQN.
RIGLD TUBIMG IMSTALLATION PER DRAWING INCLUDING LUBRICANT AND TORQUES
VERIFIED BY IMSPECTION.

CRITICAL PROCESSES

PARTS PASSIVATION AND ELECTRO POLISHING PROCESS VERIFIED BY INSPECTION,
BRAZING DF TUBING AMD COMPONENTS VERIFIED BY [HSPECTION, APPLICATION
OF LUBRICANT ON SEAL RING VERIFIED BY INSPECTION.

TESTING

NaE=10 - FRa
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FAILURE MODES EFFECTS AMALYSIS (FMEA) -- CRITICAL FAILURE MODE o~
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PAZE 194 OF

ATP 15 VERIFIED BY INSPECTIGN.

HANDL ING/PACKAGING
PACKAGING, HANDLING, STORAGE AND SHIPPING PROCEOURES ARE VERIFIED BY

INSPECTION,

(D) FAILURE HISTORY:
14F022-000, 9/17/84: FLOW RESTRICTOR LEAKED DURING FLIGHT DUE TO
INSTALLATION ERROR: IT WAS INSTALLED BACKWARD. SINCE THE 07 WAS NOT
HEATED BY THE FREON COOLANT LOOF PRIOA TO REACHING THE SEAL, THE CRYD
TEMPERATURE CAUSED THE SEAL TO LEAK. REMEDIAL ACTION - OV103
INSTALLATION MAS MODIFIED TO CORRECT THE INSTALLATION ERROR. ALL QOTHER
DRBITER INSTALLATIONS WERE VERIFIED TQ BE CURRECT. ORAWING CHECK
INDICATED WO DRAWING CHAMGE WAS REQUIRED.

{E) OPERATIONAL LSE:

P S S A e L T . o ol el e W —

- ARPROVALS -
RELIABILITY ENGINEERING: D. R. RISING TV : -67-’-4@- 2t
DESIGN ENGINEERING s K. KELLY & ¥ o= o
OUALITY ENGINEERING + M, SAVALA 2B : oXp Ve
NASA RELIABILITY : il - ¥-2-9/
NASA SUBSYSTEM MANAGER : : 'z

[T
-

NASA QUALITY ASSURAMCE 1421

-

IONSICERFATION WILL PE AEVEN TO DEFPESSURIZIMG THE aBIN TO 10,2 =8Ia &I
CFEW SIZES FIVE DR MOWE FEDUCED FFRESSURE FEDUCES O FlLdw FATE FEDLIFSHENT
“d ACCEFTaBLE LEVELS).
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